Abstract: The first specimens of Allium elmaliense were collected in Elmalı (Antalya/Turkey) in 2001 and were described as new species in 2004. However, Allium elmaliense was claimed as synonym of Allium cyrilli in 2006. This study was undertaken to reveal the differences between these taxa utilizing morphological, palynological, and chromosome characters and genomic differences based on the DNA analyses along with the ecological preference studies conducted during 2006 and 2011. The results clearly indicated differences between these two taxa in terms of morphological characters, pollen, seed surfaces and niche preferences. Chromosome morphology and Td-DAMD-PCR fingerprinting studies revealed that Allium elmaliense Deniz & Sümbül is a distinct species and not a synonym of A. cyrilli Ten.
Introduction
Allium L. is presumably the largest genera of petaloid monocotyledons, comprising approximately 850 species (Friesen et al. 2006; Keusgen et al. 2011) , and it is also one of the largest genera in Turkey. The genus was revised for the "Flora of Turkey and the East Aegean Islands" accepting 141 species in Turkey (Kollmann 1984) . After this study, 27 new taxa have been added flora of Turkey in the last twenty years (Eker & Koyuncu 2011) . Thus, the total number of Allium species has increased to 168 species (188 taxa). A. elmaliense was one of the new taxa having been described after the 11th volume of Flora of Turkey (Özhatay & Tzanoudakis 2000) . The first specimens of A. elmaliense were collected from the road of Elmalı Cedar Research Forest in April 2001. On further visits to the same locality between 2001-2003, more materials were collected to provide diversity for specimens bearing good flowers to fully mature fruits.
However, A. elmaliense was claimed synonymous with A. cyrilli by Eren et al. (2006) regarding it as mere habitat modification, representing an extreme and depauperate form developing on stony ground with low nutrient supply. It is important to note that the mentioned authors did not perform detailed ecological or taxonomic work in their study except for simple examinations of herbarium samples. Thus, their assertion needs to be reevaluated.
In general, identification of species in a genus can basically be accomplished using two main approaches: (i) conventional taxonomic studies based on morphological, cytological and anatomical characteristics of individuals, and (ii) DNA analyses based on nucleic acid sequence variations between individual genotypes (Ince et al. 2010) . Species identification in Allium is traditionally based on morphological characters. Although morphological and anatomical studies are valuable in species identification, these characters are often affected by environmental and/or developmental factors. Thus, morphological species identification may cause confusion between related species. For instance, extreme habitat modification and ecological differences may affect plant architecture, thus making species identification difficult or impossible in many cases. On the other hand, chromosome counts and DNA analyses can be used to assess the degree of variability and species identification at macro-and micro-molecular levels. DNA technique called directed amplification of minisatellite region DNA polymerase chain reaction (DAMD-PCR) is used to direct the PCR mediated amplification of minisatellite DNA region of genomes. When a portion of a minisatellite DNA array is involved in an inversion, a single primer makes PCR possible for the am-374İ.G. Deniz In the present study, a wide variety of analyses including morphological and palynological investigations, chromosome morphology and genomic differences based on the Td-DAMD-PCR fingerprint analyses were performed along with the ecological studies during 2006 and 2011 to investigate whether A. elmaliense differs from A. cyrilli at species level.
Material and methods
Plant specimens and soil samples Plant specimens were collected through field studies between 2006 and 2009. All plant and soil samples of A. elmaliense were collected from the entrance road of Elmalı Cedar Research Forest (Antalya, Turkey) . This location is the only niche for A. elmaliense. However plant specimens of A. cyrilli were collected and examined from different localities in Marmara, Aegean and Mediterranean regions of Turkey (see Appendix). Moreover, herbarium materials of Allium sect. Melanocrommyum from the herbaria K, BM, G, ISTE, AKDU, ISTF, ANK, GAZI, HUB, EGE and VANF were examined. Detailed information about the sources of plant leaf materials (for Td-DAMD-PCR DNA analysis) and soil samples (for ecological studies) is given in Table 1 .
Morphological study
Morphological features of A. elmaliense and A. cyrilli were described during field studies and observations given in a dissertation entitled "Taxonomical studies on the sect. Melanocrommyum of the genus Allium in Turkey" which was conducted under the supervision of Prof. Dr. NerimanÖzhatay (Istanbul University, Faculty of Pharmacy) (Genç 2010). All plant specimens used in the present study were dried with standard herbarium techniques and deposited in the Herbarium of Akdeniz University (AKDU) and the Herbarium of Istanbul University Faculty of Pharmacy (ISTE).
In the present study, seed morphology of both species was examined using SEM (Scanning electron microscopy) techniques. For SEM study, the seeds were covered with gold on stubs. The microphotographs were taken with a Zeiss LEO-1430 Scanning Electron Microscope. The names of the different types of undulation followed the terminology as defined and adopted in Barthlott & Ehler (1977) .
Palynological study
For light microscopy (LM), pollens were first treated with 70% alcohol to remove oily substances, then embedded in glycerine jelly stained with basic fuchsin, following the method of Wodehouse (1935) . LM studies measured the long axis (LA), short axis (SA), exine and intine thickness. The measured pollen diameters were based on 50 samples. To examine the exine sculptures and seed coat in detail, scanning electron microscopy (SEM) was also used. For SEM study, pollens were first treated with 70% alcohol, and then dried before mounting on stubs and covered with gold. The microphotographs were taken with Zeiss LEO-1430 Scanning Electron Microscope. Pollen shapes and ornamentation were identified according to Hesse et al. (2009) .
Karyological study
Karyological observations were made on mitotic metaphase cells of root-tips obtained from planted bulbs collected from natural habitats. Root tips were pretreated in α-monobromonaphthalene at 4
• C overnight and then washed with distilled water and finally fixed in Carnoys solution (3:1 absolute ethanol: glacial acetic acid) minimum 1 h. The root tips were hydrolyzed for 10-12 min in 1 N HCl at 60
• C, stained using the standard Feulgen technique and squashes were prepared. Permanent slides were made by liquid CO2 method. Slides were examined under Olympus BH2 photomicroscope and photographs were taken with the same microscope. Chromosome measurements were based on minimum five metaphase-plates. The idiograms were drawn from mitotic metaphases. Karyotype analysis was carried out according to the method described by Levan et al. (1964) .
Genomic DNA analyses DNA extraction Healthy and bulked leaf samples of A. cyrilli and A. elmaliense (3-4 g) were collected from several plants and then powdered using pestle in a wide mortar with liquid nitrogen. Quality and quantity of the extracted DNA were determined according to Karaca et al. (2005) . DNA samples were normalized so that 8.5 µL solutions contained 120 nanograms DNA used as templates in polymerase chain reaction (PCR) studies.
Td-DAMD-PCR Touch-down polymerase chain reactions (Td-PCRs) were carried out in 25 µL reaction volume containing 120 nanograms genomic DNA as templates, 2.4 µM of each primer, 80 mM Tris-HCl (pH 8.8), 19 mM (NH4)2SO4, 0.009% Tween-20 (w/v), 0.28 mM of each dNTP, 2 or 3 mM MgCl2, and 2 units of Taq DNA polymerase (Bioron or Fermentas). Primers were URP 1F, URP 2R, URP 4R, URP 6R, URP 9F, URP 13R, URP 17R, URP 38F, URP 25F, URP 30F, URP 32F, FVIIEX8, FVIIEX8C, 33-6, 14C2, HBV3, HBV5, M13, 62H-1 and TNZ-22 (Ince et al. 2009; Kang et al. 2002) . Genomic DNAs of the samples were amplified using the 20 primers, 11 of which developed from minisatellite sequences of Korean wild rice (Kang et al. 2002) and the rest of them were developed from different organisms.
The amplification profile of touch-down polymerase chain reaction used in the present study was as follows: initial denaturation at 94 
Data analyses
Each Td-DAMD-PCR amplicon (PCR ampli?ed product) was coded as present or absent [present (1) or absent (0), respectively]. In the present study, Td-DAMD-PCR products with the same mobility were assumed to be homologous and no attempt was made to score the intensity of amplified product. Nei and Li's genetic similarity indices (GSIs) were calculated as GSIXY = 2a/(a + b) + (a + c), where X and Y are the numbers of Td-DAMD-PCR amplicons in individuals X and Y, respectively. a is the number of fragments shared between individuals X and Y, while b is the number of fragments present in individual X but absent in individual Y and c is the number of fragments absent in individual X but present in individual Y.
Ecological study
To demonstrate ecological preferences of A. elmaliense and A. cyrilli, certain parameters including their distributions, habitat types and flowering times were studied and evaluated. According to Eren et al. (2006) , specimens of A. elmaliense were a depauperate form of A. cyrilli that developed on stony ground with low nutrient supply. To investigate the validity of this claim, three soil samples were taken for both species from the exact locations where plants were collected as given in the Table 1.
All soil samples were taken from 0-20 cm depth as stated by Jackson (1962) and then air dried and passed through a 2 mm -sieve. Physical and chemical properties of soil samples were analyzed. The total CaCO3 content was determined using a Scheibler calcimeter (Caglar 1949) and classified according to Aereboe & Falke (Evliya 1964) . In addition, the texture found by use of the Bouyoucos hydrometer method (Bouyoucos 1951 ) and the triangle texture was used to classifiy texture (Black 1957) . Soil pH and EC were determined in 1:2.5 soil water ratios (Jackson 1962) and classified according to Kellog (1952) , respectively. Total organic matter content was determined by the modified Walkley-Black method (Black 1965 ) and interpreted according to Thun et al. (1955) . On the other hand, available plant P was determined using an ICP-OES following the Olsen extraction method and classified according to Olsen & Sommers (1982) . Total soil N was determined by the modified Kjeldahl method (Kacar 1995) and evaluated according to Loue (1968) . Exchangeable amounts of K, Ca and Mg were extracted with neutral 1 N ammonium acetate method (Kacar 1995) and the results were explained according to Pizer (1967) . DTPA extractable amounts of Fe, Zn, Mn and Cu were measured and classified according to Lindsay & Norvell (1978) and calculated using Inductively Coupled Plasma Optical Emission Spectrometry (ICP).
Results and discussion

Morphological study
Morphological features of A. elmaliense were not reemphasized in this study because they were given by Deniz & Sümbül (2004) . However, additional morphological features were identified in the present study. These new features can be used in the discrimination of both taxa. Presence or absence, clarity and thickness of median vein of tepals do not vary within species belonging to sect. Melanocrommyum. Therefore, these characters could be used in the determination studies. The median vein of A. elmaliense tepals forms a thin line without visible thickening, while the green median vein of A. cyrilli tepals clearly thickens especially in the inner surface of tepals and covers almost 2/3 of the inner surface of tepals (Kollmann 1984; Stearn 1980) . However, this feature can be observed during field works but not on the dried herbarium specimens. Flowers of both species are fragrant, while young green leaves of A. cyrilli smell like garlic. On the other hand, there is no garlic smell in A. elmaliense leaves. This is an important feature that can be useful in distinguishing the two species.
Further ecological or taxonomical studies are required to support assertion of Eren et al. (2006) , except for those examining herbarium samples. Some taxonomic conclusions were solely drawn from dry specimens and need to be revised since herbarium specimens of subg. Melanocrommyum display only restricted amount of characters (Khassanov & Fritsch 1994) . In the present study, the differences between general flower and habit characters of both species are depicted in Fig. 1 .
In the article that claims A. elmaliense as a synonym of A. cyrilli, the authors examined Sintenis speci-376İ.G. Deniz Kollmann (1984) . Live specimens were collected from these regions and it was clearly seen that these specimens were not A. cyrilli. In addition to the previously introduced features (Deniz & Sümbül 2004) , seed morphology of A. elmaliense and A. cyrilli were examined in the present study. For this purpose, seeds collected through field works were examined with SEM images and some differences were detected between the seed surfaces. Neshati & Fritsch (2009) reported that the seeds of the members of subg. Melanocrommyum were black, generally ovate and somewhat larger than those of most Allium species belonging to other groups, and the broadly ovate shape occurs only in this subgenus. The results of present study were similar to earlier studies Neshati & Fritsch 2009) , and the seed shapes were ovate to broadly ovate in A. elmaliense and broadly ovate to long ovate in A. cyrilli. The details of the seed sizes and characters of epidermal cells are presented in Table 2 .
According to Fritsch et al. (2006) many species of subg. Melanocrommyum share convex periclinal walls with verrucate sculptures and undulated anticlinal walls. They pointed out much variation concerning number and height of verrucae as well as the mode of undulation, but this variation was not related to taxonomic groups. Three types of undulations were found: S-like, U-like and Omega-like, and also transitions occurred between these types . In subg. Melanocrommyum, most often Omega-like undulated anticlinal walls with moderate amplitude of undulation were found, but more or less S-like forms also occurred in some species . In the present study, most testa cells of A. elmaliense were elliptic, but the testa cells of A. cyrilli were elliptic to Palynological study According to LM (Fig. 3) and SEM (Fig. 4) investigations, the pollen grains are monads, monosulcate and heteropolar. Pollen grains of these species are medium in size (26-50 µm). The pollen shapes (based on LA/SA ratio) are prolate, ellipsoid in distal view and circular in polar view, while sulcus ends are rounded. The pollen grains of A. cyrilli are generally larger than the pollen grains of A. elmaliense. The results of our palynological studies are similar to earlier studies (Bogdanović et al. 2008; Güler & Pehlivan 2006; Özhatay & Koçyigit 2009; Zuraw 2007) . The main palynological features of A. elmaliense and A. cyrilli are given in the Table 2 .
Karyological study
The basic chromosome number of the species in sect. Melanocrommyum is x = 8. The majority of these species have 2n = 16 chromosomes in Turkey. In the 378İ.G. Deniz present study, all the investigated populations (ISTE 91493, 91494, 91499, 91482A) of Allium cyrilli showed a tetraploid chromosome complement with 2n = 32 (Fig. 5b) . The tetraploid level was also reported in c -Total chromosome lenght; l -long arm length; s -short arm length; r -Arm ratio l/s, * -satellited arm Fig. 6 . Agarose gel electrophoresis of Td-DAMD-PCR using URP13R (1), URP32F (2), URP38F (3), URP9F (4), FVIIEX8 (5), HBV5 (6), 14C2 (7), URP25F (8), FVIIEX8C (9) and HBV3 (10) primers. Lanes are a -A. elmaliense, b -A. cyrilli.
previous studies (Vakhtina & Kudryashova 1982; Kollmann 1984; Özhatay 1984; Ohri et al. 1998; Ohri & Pistrick 2001) . There is only one report of 2n = 16 for A. cyrilli by Karavokyrou & Tzanoudakis (1991) from Greece. The karyotype ofA. cyrilli consist of six metacentric and 2 submetacentric (nos. 1 & 8 in Fig. 5b and Table 3 ) chromosome pairs. Chromosome sizes vary from 15.34 to 10.34 µm. The longest arm is 10.04 µm and the shortest arm is 2.98 µm long (Fig. 5b, Table 3 ).
The chromosome number of A. elmaliense was studied for the first time in the present study. It is a diploid taxon with a somatic chromosome number of 380İ.G. Deniz (Fig. 5a ). The karyotype consist of seven metacentric and one submetacentric (no. 8 in Fig. 5a and Tab. 3) chromosome pairs. The chromosome lengths vary from 18.78 to 10.02 µm. The longest arm is 10.18 µm and the shortest arm is 3.19 µm long (Fig. 5a , Table 3 ). Satellites were found in both taxa; they are connected to the short arms of the submetacentric chromosome pair 8.
Td-DAMD-PCR DNA analysis
In the present study, bulked samples of five individual plants were used for DNA extraction studies for each species collected from locations listed in Table 1 . Amplification patterns of minisatellite primers are given in Figure 6 . Td-DAMD-PCR profile used in the present study yielded unambiguous amplicons. The primers amplified a total of 454 scorable bands, 209 monomorphic and 245 polymorphic. The average number of bands produced by each primer was 22.7. Considering the basic chromosome number of the species (x = 8), 56 markers were scored per chromosome, 30 of which polymorphic, which is less than 2 cM (centimorgan) genomewise coverage.
Nei and Li's genetic similarity indices (GSIs) were calculated for the samples according to GSI XY = 2a/(a + b) + (a + c) formula. The values were a = 209, b = 113, c = 132 and GSI between two Allium species was calculated to be at 0.63-similarity level. The genetic similarity at species level was relatively low and pointed out to two different species especially when compared to the results of Kim et al. (2001) . Some of the Universal Rice Primers (2R, 4R, 9F, 13R, 30F) used in the present study were successfully used in the phylogenetic analysis of Allium subg. Rhizirideum (Kim et al. 2001) . In their study, URP primers was carried out to get phylogenetic information on 26 species, 62 accessions of subgenus Rhizirideum and the accessions were divided into seven groups at 0.76 similarity level. The Td-DAMD-PCR DNA analyses demonstrated that A. elmaliense is a distinct species and cannot be claimed as synonym of A. cyrilli. This conclusion was based on the distinct banding patterns of the two species consisting of bulked individuals, and the GSI index of 0.63 between the two species.
Ecological study According to Eren et al. (2006) , A. elmaliense was a depauperate form of A. cyrilli that developed on stony ground with low nutrient supply. In order to investigate this claim, ecological and soil analyses were carried out in the present study.
First of all, the habitat types of these taxa are distinctly different from each other. The characteristic habitat of A. cyrilli is both inside and at the edges of the culture fields in Turkey. It also occurs in European countries (Kollmann 1984; Stearn 1980) and is naturally distributed in the Marmara, Aegean and Mediterranean regions in Turkey (Kollmann 1984) . This study confirmed the natural distribution of A. cyrilli as reported in Kollmann (1984) . However, A. elmaliense prefers the openings of Quercus coccifera forest and stony or meadow slopes. Therefore, these habitats of A. elmaliense are precisely different from those of A. cyrilli. Since both species have different natural distributions, it is not a proper justification that the different characters resulted from habitat modifications. Furthermore, these species have different flowering times. A. elmaliense blooms from end of April to middle of May, while A. cyrilli blooms from May to end of June.
In the present study, soil samples of both species were analyzed to investigate whether A. elmaliense was a depauperate form of A. cyrilli. The results of the soil analyses are given in Table 4 and Table 5 for A. elmaliense and A. cyrilli, respectively. Important indicators of soil fertility are soil organic matter (SOM) contents, soil macro (N, P, K, Ca, Mg) and micro nutrient (Fe, Mn, Cu and Zn) contents. Moreover, it is well known that a fertile soil contains enough SOM, macro and micro nutrients as well as good physical properties (Lampkin 2002; Stockdale et al. 2002) . As it can be seen from the Table 4 and 5, A. elmaliense presumably prefers fertile soil more than A. cyrilli. A. elmaliense develops well in a soil with moderately alkaline, non saline and sandy loam, loam or silt loam soils; on the other hand, A. cyrilli prefers moderately alkaline to alkaline, non saline and sandy loam or loamy sand soils. A. elmaliense soils contain high amounts of SOM and total N, P, K, Ca and Mg, which are good indicators of soil fertility. Moreover, the soil at A. elmaliense locations contains comparatively higher amounts of micro nutrients including Fe, Mn, Zn and Cu compared to A. cyrilli, which proves that A. elmaliense develops well in fertile soils (Tables 4, 5 ). On the whole, A. elmaliense does not grow on poorer soils than A. cyrilli according to soil analysis results which are given and interpreted above. As a consequence, it is an invalid assertion that A. elmaliense was a depauperate form of A. cyrilli that developed with low nutrient supply.
In conclusion, the results of the present study support the differences between two taxa in terms of morphological characters, pollen, seed surfaces and ecological features. The clearest differences were obtained from chromosome morphology and DNA fingerprinting studies. Allium elmaliense Deniz & Sümbül is a distinct species and cannot be claimed as synonymous with A. cyrilli Ten.
